a segment that has a high posted speed limit to one that has a lower posted speed limit (2). Drivers need well-designed transition zones with explicit traffic control devices and roadway design features that convey the need to reduce speeds and that encourage gradual, smooth reductions in speed as drivers transition from high-to lowspeed facilities. Design guidance should consider traffic engineering and traffic control, land use and adjacent development, streetscape, community context, aesthetics, and multimodal travel demands.
a segment that has a high posted speed limit to one that has a lower posted speed limit (2) . Drivers need well-designed transition zones with explicit traffic control devices and roadway design features that convey the need to reduce speeds and that encourage gradual, smooth reductions in speed as drivers transition from high-to lowspeed facilities. Design guidance should consider traffic engineering and traffic control, land use and adjacent development, streetscape, community context, aesthetics, and multimodal travel demands.
Objectives
The objective of this research is to quantify the effectiveness of treatments to reduce driver speeds in high-to low-speed transition zones and subsequently, to develop design guidance for the selection of effective treatments for transitioning from high-to low-speed roadways, especially rural highways entering communities (3) . The design guidance identifies specific treatments for use in appropriate locations to encourage drivers to reduce their speeds and, where possible, quantifies the effectiveness of those techniques. In the development of the design guidance, consideration is given to factors specific to the transition zone, such as land use; community context; aesthetics; and the accommodation of trucks, parking, pedestrians, bicyclists, and public transportation services.
The scope of the research includes evaluating the effectiveness of roundabouts, community welcome signs, and transverse pavement markings (TPMs) in reducing vehicle speeds in transition zones. The research focuses on the portion of highway near the change from a high-to low-speed environment (i.e., the transition zone), but consideration is also given to vehicles as they continue through the low-speed environment (i.e., the community). Other speed management components such as driver education and enforcement programs can be used to reduce speeds and improve safety through transition zones, but these components are not addressed in this research.
Literature review
Recently NCHRP published NCHRP Synthesis of Highway Practice 412, a state-of-the-practice report on rural high-to low-speed transition zone treatments that have been tried in the United States and abroad (2) . The research discussed in this paper builds on the results published in the NCHRP synthesis and other recent reports that capture the state of practice (4, 5) .
Treatment Effects and Design Guidance for High-to Low-Speed Transition Zones for Rural Highways
David K. Gilmore, Karin M. Bauer, Darren J. Torbic, Christopher S. Kinzel, and Robert J. Frazier This paper presents the results of a study to develop improved design guidance for high-to low-speed transition zones on rural highways. The primary steps of the research included a literature review and stateof-practice review on speed reduction treatments used in transition zones and observational field studies of several transition zone treatments in the United States. The principal findings from the observation field studies are that roundabouts and transverse pavement markings increase the rate of compliance of vehicles traveling at or below the speed limit at the end of a transition zone by 15% and 20%, respectively, as compared with no treatment. Roundabouts increase the rate of compliance of vehicles traveling within 5 mph (8 km/h) of the speed limit at the end of a transition zone by 11%, compared with no treatment. The findings support previous research that indicates the need to provide additional measures through the community to maintain speed reduction downstream of the transition zone through the community. This paper also addresses several issues to be considered in the design of high-to low-speed transition zones, including definitions and site characteristics of the geographical limits or boundaries of the transition zone study area; a methodology for assessing whether a high-to low-speed transition zone has speed limit compliance or safety issues to support the need for, and the selection of, an appropriate treatment to address the issues; and guiding principles and design concepts to be considered in the design of a transition zone.
The AASHTO Green Book (1) makes a distinction between design criteria for high-speed facilities and low-speed facilities and provides guidance for each facility type. However, there is a transition zone at which high-speed facilities meet low-speed facilities, and drivers in one direction are expected to reduce their speed suitable to the environment they are entering. Little design guidance is available for such transition zones. Design guidance is needed to increase safety through a reduction of travel speeds through the transition zone and entire low-speed environment (the community).
A transition zone is not a specific point along a road where a speed change occurs, but instead a length of roadway that connects
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The focus of NCHRP Synthesis of Highway Practice 412, prepared by Forbes, was on engineering measures used to transition motorists from high-to low-speed areas. The effectiveness of each transition zone treatment was reported in terms of operational (e.g., speed reductions) benefits, safety benefits, or both. The transition zone treatments were grouped in four categories: geometric design, traffic control devices, surface treatments, and roadside features.
Forbes reported that most existing transition zone design guidelines generally provide the following information:
• More extensive and aggressive treatments tend to produce greater reductions in speed and crash occurrence than less extensive and passive treatments.
• A distinct relationship between a community speed limit and a change in the roadway character is needed to affect driver behavior.
• No particular treatment is appropriate for all situations. Each community must be assessed and treated according to its own characteristics.
• It is necessary to provide additional measures through the community to maintain a speed reduction downstream of the transition zone; otherwise, speeds may rebound to previous levels within a distance as short as 820 ft (250 m) from the start of the lower speed zone.
Forbes also reported that there appears to be an emphasis on the precise location at which vehicles are expected to be traveling at the lower (community) speed and the nature of the roadway at this point. However, treatments located along the highway preceding this location are critical to alerting the driver of the change in desired speed and the need to provide adequate distance for this transition to take place. Thus, the effects of treatments in combination along the entire transition zone length appear to produce the most meaningful results. The basic guiding principle is that motorists are first provided with warning devices and psychological measures early in the transition zone, and are then presented with physical measures closer to the community.
summary Of internatiOnaL GuideLines
Traffic calming techniques have been used extensively in the United States in urban and suburban areas, but have been used to a lesser extent in rural areas or at boundaries between rural and suburban or urban areas. The use of traffic calming in rural areas internationally is generally more advanced than in the United States. Several countries, including Denmark, Ireland, the Netherlands, Sweden, and the United Kingdom have developed guidelines for the use of traffic calming treatments in rural towns, especially in the transition zone into a community. In the development of guidance for the design of high-to low-speed transition zones for rural highways, the principles of traffic calming play a central role and much can be learned from global experiences.
Austroads, an association of Australian and New Zealand road transport and traffic authorities, funded research to identify and review different approaches to speed management on rural roads (6) . The general assessment was that, when used in isolation, treatments have limited benefits in reducing speeds and improving safety; however, when used in combination (e.g., signs and pavement markings), treatments were found to have significant effects.
A leading United Kingdom document (7) provides designers with the state of practice for traffic calming, including guidance on when treatments are appropriate, design and implementation practice, currently used and successful treatments, and the future of traffic calming designs. According to the guidance, successful design is more likely to be achieved by adopting an overall "package" approach, rather than by using a mix of potentially unrelated measures.
A European Conference of Ministers of Transport document on speed management addresses guiding principles on transition zone design in Germany (8) . The document states that drivers, when entering a lower-speed zone, especially after a period of driving at high speed, will generally underestimate their speed and consequently not reduce their speed to comply with the lower speed limit. Two principles should be considered in the design of transition zones (9):
• Measures at the transition zone should achieve a cumulative effect, finishing at the actual gateway to the community.
• Complementary measures along the through route within the urban area are required.
Experience in Germany has shown that a cumulative effect can be achieved by a combination of road narrowing and the introduction of trees and other vertical elements, culminating at the gateway. Chosen speeds are found to be lower where the height of the vertical elements is greater than the width of the road. Vertical elements need to be chosen carefully so as not to become roadside obstacles.
fieLd studies
The effectiveness of three treatments (and combinations of treatments) in reducing speeds through a transition zone and through the community was assessed. The three treatments were
• Roundabouts, • TPMs, and • Welcome signs at community entrances.
Crash data were also analyzed to document the safety experience associated with the treatments and sites.
treatment and site selection
Eleven treatments were identified through a survey of state and county highway agencies and survey results from NCHRP Synthesis of Highway Practice 412 and prioritized for potential investigation. With the assistance of contacts at state highway agencies, three treatments-roundabouts, TPMs, and welcome signs-were selected for evaluation. Twenty-two treatment and nontreatment sites were identified for the study. Fifteen of these sites were used for the operational analysis, and all 22 were used for the safety analysis.
At the 15 operational study sites listed in Table 1 , the reduction in posted speed limit was at least 15 mph (24 km/h). Study locations were chosen with few or no intersections or driveways in close proximity to the transition zones. All of the roadways through the transition zones were two-lane undivided facilities. Where possible, field data were collected on multiple approaches to a community.
speed study
Speeds were collected with traffic classifiers and a laser gun. The locations of the traffic classifiers at each study site were as follows:
• Location C. Transition zone perception and response speed. Captures the speed of vehicles along the high-speed portion of roadway before the transition zone. At this location, there should be no effect on vehicle speed either because of a transition zone treatment or a reduced speed limit sign. The traffic classifier was placed approximately 200 to 400 ft (60 to 120 m) upstream of the first speed limit sign to indicate a reduction in the speed limit or the first treatment intended to reduce vehicle speeds, whichever was first encountered by vehicles. Placement of this traffic classifier was not influenced by the presence or location of "Reduced Speed Limit Ahead" warning signs.
• Location B. Transition zone exit speed. Captures the speed of vehicles slightly downstream of the transition zone. The traffic classifier was placed approximately 3 to 5 s downstream of the final speed reduction treatment or the first speed limit sign to indicate the speed limit through the community, whichever was located further downstream (i.e., closest to the community).
• Location A. Community speed. Captures the speed of vehicles within the community. The traffic classifier was placed approximately 750 to 1,000 ft (230 to 305 m) downstream of the final speed reduction treatment or the first speed limit sign to indicate the speed limit through the community, whichever was located further downstream. This traffic classifier was placed before any signal or stop-controlled intersection that would affect the speeds of vehicles.
For sites with no treatment, traffic classifiers were placed in locations analogous to Locations A, B, and C. Generally, at least 6 to 8 h of speed, classification, and headway data were collected at each site on a weekday. The average number of free-flow vehicles per site for which speed data were available for analysis ranged from 169 to 3,738, with an average of 1,176 vehicles across all sites.
Speed data were also collected with a laser gun to assess vehicle speed profiles through portions of the transition zones. Speed data from the laser gun were collected for a sampling of free-flow vehicles to supplement the data from the traffic classifiers and to provide more information on deceleration characteristics of vehicles. Figure 1 is an example diagram of a site; it shows speed statistics from the classifiers (box plots) at Locations A, B, and C and speed profiles from the laser gun (vertical bars).
analysis approach
The primary measures analyzed to assess the effectiveness of a transition zone treatment in reducing speeds were as follows: The statistical approach to estimate the effect of the treatment on speeds depended on the measure of interest and the location Note: no. = number; WB = westbound; EB = eastbound; NB = northbound; SB = southbound. a The speed limit at the end of the transition zone was not the same as the speed limit through the entire community. This difference occurred either because the speed limit changed within the community zone downstream of where the transition zone should have ended or because of unique site characteristics that limited selection of the data collection location, or because of both.
along the roadway. The individual analysis approaches were as follows:
1. Analysis of transition zone exit speed. A logistic regression model was used to compare the treatments according to the probability that motorists drive at or below the posted speed limit exiting the transition zone. This analysis was repeated using the speed limit plus 5 mph (8 km/h) as the criterion. To account for site differences such as posted speed limits upstream and downstream of the transition zone, the reduction in posted speed limit from Location C to Location B was included in the regression model. To account for speed limit compliance by drivers upstream, the percentage of speeds at or below the speed limit at Location C was included in the model. The statistical significance of a treatment, after accounting for the C to B posted speed reduction and for the compliance upstream, was evaluated, and the results from each treatment were compared with those obtained for the nontreatment sites.
A generalized linear model with a binomial distribution and a logit link function was used to model the compliance proportions. Least squares mean differences between treatment and no treatment sites were estimated after accounting for the potential effect of additional factors in the model and tested for statistical significance. All analyses were performed using the GENMOD procedure of SAS (10).
2. Analysis of transition zone speed reduction. At each site and location, the effect of a particular treatment was confounded with that of the posted speed limit sign. Because the sites vary with respect to their posted speed limits at Locations C and B, the interest is in the estimated effect of a particular treatment compared with no treatment in addition to the posted speed reduction at each site. Because speeds were not recorded for individual vehicles, this analysis could be performed only on the basis of overall speed differences upstream and downstream of the treatment. To account for the posted speed limit at each location, overall speed differences at each location for each site were estimated, and the difference in differences between sites with treatment and no treatment was evaluated and tested for significance.
A generalized linear mixed model with a normal distribution and identity link function was used to model the speed differences; the random site effect was accounted for. The reduction in the posted speed limit from Location C to Location B was also included in the model. Least squares mean differences between treatment and nontreatment sites were estimated after accounting for potential effects of additional factors in the model and tested for statistical significance.
3. Analysis of community speed. The analysis approach is similar to that used to evaluate the treatment effect at the transition zone exit with some additional considerations. Because site characteristics such as on-street parking, presence of sidewalks and curbs, and horizontal roadway alignment may influence driver behavior in the community, these factors were initially considered in the logistic model. The percentage of speeds at or below the posted speed limit [or speed limit plus 5 mph (8 km/h)] at Location B was included in the model.
analysis results

Evaluation of Transition Zone Exit: Speed Limit Compliance
The effect of treatment type-roundabout or TPM (or in combination with a secondary treatment as shown in Table 1 )-on exit speed was estimated as compared with the effect of no treatment.
The logistic regression analysis showed that of the variables considered in the model in addition to treatment type-speed reduction from Location C to Location B, speed limit at Location C, and percent speeds at or below the speed limit at Location C-only speed reduction was statistically significant at the 10% level. The modeling results are presented in Table 2 . If speed limit compliance were defined as driving at or below the posted speed limit at the exit of the transition zone, then the study data show the following, accounting for the effect of speed reduction in posted speed limits from Location C to Location B:
• The compliance rate upstream of the transition zone had no significant effect on the compliance rate at the exit of the transition zone.
• The overall treatment effect on compliance rate was not statistically significant at the 10% significance level.
• On average, the rate of compliance at sites with a roundabout or TPM is higher than at sites with no treatment by 15% (not statistically significant) and 20% (statistically significant), respectively.
• On average, the rate of compliance for sites with TPMs (57%) was slightly higher than for sites with roundabouts (52%).
If speed limit compliance were defined as driving at or below the posted speed limit plus 5 mph (8 km/h) at the exit of the transition zone, the study data show the following, accounting for the effect of speed reduction in posted speed limits from Location C to Location B:
• The overall treatment effect on compliance rate was significant at the 10% significance level.
• On average, the rate of compliance for sites with a roundabout (88%) was significantly higher (11%) than for sites without a treatment (77%).
• On average, the rates of compliance at sites with TPMs (79%) and sites with no treatment (77%) are the same for practical purposes.
• The average rates of compliance for sites with roundabouts (88%) and TPMs (79%) were not statistically different (p = 0.17; this comparison is not shown in Table 2 ).
Evaluation of Speed Reduction from Upstream to Transition Zone Exit
The effect of the treatment on the upstream to transition zone exit speed reduction (Location C to Location B reduction) was evaluated. Because individual vehicles could not be tracked from Location C to Location B with classifier tubes, speed reduction could only be evaluated for all vehicles as a whole. Table 3 presents simple speed reduction statistics for each site. For comparison, the table shows the drop in posted speed limit from Location C to Location B. The last column shows the mean speed difference as a percentage of the speed reduction difference. The sites without treatment exhibit the widest range of relative speed reductions compared with the posted speed reduction. Next, the posted speed limit at each site and location was taken into account, and the potential additional effect of the treatment on speed reduction from Location C to Location B was estimated. This step was done by calculating the difference between each vehicle's speed and the posted speed limit at each site and each location. The effect of the treatment on these rescaled differences was assessed with a mixed linear model approach. Factors considered in the model were treatment type, location (C and B), and reduction in posted speeds from Location C to Location B; site was included as a random factor. The analysis of variance showed that the reduction in posted speed limit was not statistically significant (p-value = 0.24); this factor was therefore removed from the model. The final analysis results are summarized in Table 4 .
After posted speed limit at each location was adjusted for, speed reductions from Location C to Location B were comparable for sites with or without treatment, at just over 5 mph (8 km/h), with confidence limits ranging from approximately −2 to +12 mph (−3 to 19 km/h). In summary, there is no evidence that either treatment (roundabout or TPM) has a statistically significant effect on reducing average speeds from upstream to the transition zone exit beyond that of the posted speed limit reduction. 
Evaluation of Community: Speed Limit Compliance
Of the 15 sites in the analysis, 12 had no further speed limit reduction from Location B to Location A; three sites had reductions in speed limits. The reductions and treatments for the three sites were 5 mph (8 km/h) (TPMs), 15 mph (24 km/h) (TPMs), and 20 mph (32 km/h) (no treatment). Compliance rates in the community were calculated with respect to the two criteria defined earlier.
The effect of the treatment in the transition zone on speed limit compliance in the community was assessed using the same approach used for transition zone exit compliance with a few exceptions. Speed reduction from Location B to Location A (none for 12 of the 15 sites) was not considered in the logistic model; however, to account for potential effects of site characteristics in the community, the inclusion of the following categorical variables was initially considered:
• On-street parking-yes (three sites), no (12 sites);
• Presence of sidewalks-yes (eight sites), no (seven sites);
• Presence of curbs-yes (seven sites), no (eight sites); and • Horizontal alignment-tangent (nine sites), curve (six sites).
On-street parking was confounded with treatment type and was therefore not included in the model. In addition, the presence of sidewalks and curbs were confounded; therefore the presence of sidewalks was not considered in the model.
An attempt was made to address pedestrian activity in the community as potentially affecting drivers' speed compliance. Lacking pedestrian volume data, researchers considered community population as a surrogate measure, but the uneven distribution of community population size across treatment types did not warrant including population in the analysis. The final modeling results are presented in Table 5 .
Whether one defines compliance in the community as driving at or below the speed limit or the speed limit plus 5 mph (8 km/h), highlights of Table 5 are as follows:
• The compliance rate at the exit of the transition zone had no statistically significant effect on the compliance rate in the community.
• Horizontal alignment of the roadway in the community had no statistically significant effect on the compliance rate in the community.
• Both posted speed limit in the community and presence of curbs had a statistically significant effect on the compliance rate in the community.
After accounting for the significant effect of posted speed limit in the community and the presence of curbs, researchers found that the type of treatment in the transition zone had no significant effect on compliance rates in the community. These compliance rates range, on average and for all site types, from 54% to 59% (speed limit criterion) and from 86% to 89% [speed limit plus 5 mph (8 km/h) criterion].
crash data analysis
A crash analysis was performed to verify that all treatments evaluated were operating both safely and efficiently, with no unusual crash history or patterns, and to identify potential trends in the crash data. Two statistical methods were used to analyze the most recent 5 years of crash data: a before and after analysis where crashes at the 15 treatment sites in the after period were compared with crashes at all sites in the before period (eight treatment and seven nontreatment sites); and a cross-sectional type of analysis in which only the eight treatment sites with both before and after crash data were included. Table 6 summarizes the total crash data for the combined transition zone and community. Note: -= no crash data were available before installation of the treatment.
Additional analyses were performed on the basis of fatal and injury crashes and collision type; details can be found in the research by Torbic et al. (3) .
Neither analysis approach showed any significant treatment or before or after effect. Thus, there is no evidence from this crash analysis to suggest that the installation of a roundabout, TPMs, or a welcome sign in a transition zone improves or negatively affects safety. These results are not necessarily surprising given the limited data set for analysis.
Regarding the effect that the installation of a roundabout, TPMs, or a welcome sign has on safety near a transition zone, the most reliable information available pertains to roundabouts and can be found in the Highway Safety Manual (11) and research by Rodegerdts et al. (12, 13) .
desiGn Guidance
This portion of this research included developing design guidelines for selecting appropriate geometric designs, traffic control devices, pavement surfaces, and roadside treatments for transitioning from high-to low-speed roadways on rural highways. The developed guidance provides a step-by-step process as well as an analytical tool for evaluating and developing improvements for transition zones on rural highways.
definitions of the transition Zone study area
A three-zone system, shown in Figure 2 (rural, transition, and community), has been adopted to be clear and understandable. However, the transition zone includes two key areas: a perception-reaction area and a deceleration area.
Perception-Reaction Area
The perception-reaction area is the portion of the transition zone where drivers are made aware of an impending need to change their speed and driving behavior. The general physical and operational characteristics of this area are similar to the rural zone; however, some elements should begin to change. Some deceleration may occur in this area, but the primary objective is to mentally prepare drivers to adjust their driving behavior and speeds in the deceleration area.
Deceleration Area
The deceleration area is the portion of the transition zone where the driver is expected to decelerate to a safe operating speed for entering the community zone. Driver awareness and behavior should adjust with the change in the driving environment. The roadway and roadside characteristics as well as land use and access are generally beginning to change in this area (or changes are clearly visible ahead). The deceleration area may include physical measures to reinforce the needed speed transition.
transition Zone assessment with straight-Line diagram Transition zones are unique when compared with other portions of the roadway system. Typically, design continuity is important for a roadway, and abrupt changes in design are avoided to the extent possible. However, in a transition zone, the roadway design necessarily changes, sometimes abruptly, from a rural design and context to a community design and context, and drivers are expected to change their behavior to match the new conditions. When drivers do not change their behavior, safety and community livability issues may arise. In addressing these issues, it is important to consider several factors:
• Speeds: posted, design, and actual speed profiles; • Crashes: frequency or rate, location, type, and severity; • Access points: location and density;
• Land use and zoning: current and future; • Roadway alignment: vertical and horizontal (and lines of sight); • Traffic volumes: daily and peak hour; • Vehicle types: cars, trucks, agricultural vehicles, and emergency response vehicles;
• Nonmotorized transportation: pedestrians and bicyclists;
• Transit design or operational features;
• Signs, striping, and traffic control;
• Intersection geometry;
• Roadway design elements (cross-section elements, widths, etc.);
• Roadside design elements (sidewalks, landscape, streetscape, etc.);
• Parking; and • Current transition zone treatments.
A straight-line diagram is an analysis tool to display relevant planning and engineering data in one graphic (Figure 3 ). This tool permits the engineer to quickly observe trends and possible correlations over the length of the study area and across data sets. For example, the spatial relationship between speeds, crashes, and access point density can be observed on one figure. A straight-line diagram also allows the engineer to more clearly define both the problem areas and the thresholds between the three defined areas of transition zones. The quantitative elements of the diagram can be used to evaluate the extent of specific concerns such as where the 85th percentile speed exceeds the posted or design speed by more than 5 mph (8 km/h). It can also be used to show information to policy makers and the public. Use of the straight-line diagram in conjunction with quantitative assessments of treatment effectiveness provides a rational approach to transition zone evaluation and design. The following steps are recommended for analyzing a transition zone.
Step 1. Define Study Area and Referencing System
At the outset of the project identification phase, the geographic extents of the study area and the referencing system to be used to enter data should be defined. The study area should extend from within the community to the high-speed rural area beyond the transition zone. This distance may be 1,000 to 3,000 ft (305 to 915 m) or more depending on the context. Defining the reference system involves selecting a point within the community zone as a reference point for all measurements. In the example straight-line diagram, the state mileposts have been correlated to the study area reference system, which is in both feet and miles from a specific intersection.
Step 2. Identify Current Transition Zone Boundaries
The second step in the process is to identify the current transition zone based on the locations of speed limit signs and advance warning signs. The upstream boundary can be set in part according to when the speed limit sign becomes clearly visible to oncoming drivers. Alternatively, the engineer could assume the start of the transition zone is a few hundred feet in advance of the warning sign for the impending speed reduction (if such a sign is present). This point is where a driver becomes aware that a speed change will be required.
Step 3. Conduct Speed Limit Compliance Study
Obtaining speed data at key locations makes it possible to create an operating speed profile for the transition zone study area. Time-mean speeds should be collected during low volume, free-flow conditions. For each location, the 85th percentile and mean operating speeds (during free-flow conditions) should be computed. Using linear interpolation, the data can be used to generate an operating speed profile as presented in the straight-line diagram. If available, laser gun data can be used to create an even more accurate speed profile. To identify potential speed compliance issues, these data should be compared with the posted speed and possibly other speed profile metrics such as the design or inferred design speed.
Step 4. Conduct Crash Analysis
With the straight-line diagram tool, the most recent 3 to 5 years of available crash data should be plotted for the study area, as defined in Step 1. The crash data should first be analyzed qualitatively to determine if speed may have been a contributing factor to the crashes. If so, a more detailed crash analysis may be necessary and should be examined according to the methods prescribed by the Highway Safety Manual (11). At a minimum, the average observed crash frequency and crash rate should be calculated for the area from the start of the current transition zone to the community zone and separately within the community zone. These performance measures can be compared with threshold values from a reference population of similar sites. Sliding window and peak searching methods can be used to identify the locations within the transition zone, community zone, or both that could most likely benefit from a safety treatment (11). The results of the crash analysis should be correlated with the speed study for the transition zone to identify any potential problems and possible improvements.
Step 5. Define the Theoretical Transition Zone Boundaries
In Step 5, the engineer compares the transition zone boundaries, as approximated in Step 2, with the boundaries of the theoretical transition zone. The theoretical transition zone location is defined by the community and roadway characteristics and the vehicle deceleration distances appropriate for the speed change.
Several factors to consider in setting the boundary between the transition zone and community include access point density, current and future land use, future road improvements, future utility requirements, location of a major intersection, sight distance, safety, and the presence of other roadway or roadside features. Often, the transition in access point density is quite noticeable.
Step 6. Assess Initial Results
Results of the speed study and crash analysis taken together will yield a first indication of whether speed reduction treatments, further investigation, or both are needed. If neither study raises questions or concerns, then the two zones may be functioning adequately. If results indicate the need for improvements or further investigation, additional data can be incorporated into the analysis to support the selection of one or more potential transition zone treatments.
cOncLusiOns
In the United States, design guidance for high-to low-speed transition zones for rural highways is in its infancy. This research and other recent reports and documents (2) (3) (4) (5) 14) , have taken steps toward establishing national guidelines for rural high-to low-speed transition zones.
An area in which more work could be accomplished is in obtaining more accurate and reliable information on the effectiveness of transition zone treatments on reducing speeds and improving safety. The primary findings from this research that contribute to the body of knowledge on the effectiveness of transition zone treatments include the following:
• Roundabouts and TPMs do not necessarily decrease mean speeds from upstream to downstream of the transition zone, but they do increase speed limit compliance when compared with nontreatment sites.
• Roundabouts and TPMs increase the rate of compliance of vehicles traveling at or below the speed limit at the end of a transition zone by 15% and 20%, respectively, as compared with no treatment.
• Roundabouts increase the rate of compliance of vehicles traveling at or below the speed limit plus 5 mph (8 km/h) at the end of a transition zone by 11%, as compared with no treatment.
• The findings support previous research (2) that indicates the need to provide additional measures through the community to maintain a speed reduction downstream of the transition zone through the community.
• On the basis of a limited crash analysis for this research, there is no evidence to suggest that the installation of a roundabout, TPMs, or a welcome sign in a transition zone improves or negatively affects safety. Given the limited crash data set for this research, the most reliable safety information available for the three treatments analyzed (i.e., roundabout, TPMs, and welcome sign) is for roundabouts, which can be found in the Highway Safety Manual (11) and research by Rodegerdts et al. (12, 13) .
Although the AASHTO Green Book (1) does not address transition zones, a paragraph could be added to the next edition in Chapters 6 and 7 that explains the transition zone issues and the need to consider further design guidance for transition zones as outlined in this paper. In each chapter, the new text could refer the reader to work by Torbic et al. (3) for more details. It is also proposed that the next edition of the Roadside Design Guide (15) include a general discussion of roadside issues related to transition zones.
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